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Abstract of Research Objectives

During the past few years my group has completed a number of projects under the
support of the Atmospheric Chemistry Modeling and Data Analysis Program. We
investigated a wide variety of issues involving ambient stratospheric aerosols, polar
stratospheric clouds or heterogeneous chemistry, analysis of laboratory data, and particles
in the upper troposphere. The papers resulting from these studies are listed below. In
addition, I participated in the 1999-2000 SOLVE mission as one of the project scientists
and in the 2002 CRY STAL field mission as one of the project scientists. Several CU
graduate students and research associates also participated in these mission, under
support from the ACMAP program, and worked to interpret data.

A. Summary of Progress and Results

As outlined in the references below we have worked on a number of issues. We
previously used a two dimensional model to show that downward transport of sulfur
dioxide in the polar night could lead to the formation of new particles during polar spring
as observed. For this to happen sulfuric acid must photolyse. However, lab data of
Burkholder, Mills and McKeen (2000) shows that sulfuric acid does not easily photolyse

in the uv. These lab data causes major problems in understanding SO, data as well.
During the past year Veronica Vaida and colleagues proposed a new photolysis
mechanism by which infrared light allows uv to photolyse sulfuric acid. We have put this
new mechanism into our two dimensional model and find we can now get agreement with
SO, measurements as well as reproduce the polar CN layer. We have now published a
paper on this issue (Mills et al., 2005). In addition we have worked on sulfur isotopes
following the Pinatubo eruption. Ice core data show mass independent fractionation of
the sulfur isotopes following the eruption, which is not expected. Pavlov et al (2005)
were able to show that if the fractionation step involves SO; photolysis we can
understand the data. This work has future applications to understanding atmospheric
sulfur chemistry, and understanding oxygen levels on Earth prior to 2 billion years ago.
We have finished a series of papers on the SOLVE and CRYSTAL data sets
concerning nitric acid. We published a paper with Y. Kondo concerning the deposition
of nitric acid on ice. We find significant amounts of nitric acid are on the ice below
215K, in agreement with lab data obtained in the Tolbert lab (Hudson et al, 2002).
However, at warmer temperatures little nitric acid seems to be on the ice. More



surprisingly we find more nitric acid on the ice than the lab data suggest. We have two
papers submitted by B. Gamblin, a graduate student, in which we show that another NOy
constituent is condensing. The various atmospheric data sets disagree strongly on the
amount of nitric acid condensing. We find many of these problems are related to the
kinetics of nitric acid condensation. Indeed one can use the nitric acid found on ice
crystals as a clock to measure the cloud lifetime. During CRYSTAL, data from Gao et al
(2004) showed that the supersaturation of water over ice seems to be effected by the
nitric acid on the ice. We proposed a mechanism to explain how this might happen and
are continuing to explore this data set for further clues.

We published two papers on the MASP PSC particle data from SOLVE I. We
find the MASP large particle data correlates very well with the Fahey NOy data, but there
is an offset in the actual mass. We also produce the first mass/temperature data that
clearly shows that these large particles are NAT or NAD. We also show that the lidar
data obtained on the NASA ER-2 in PSCs is consistent with the MASP particle sizes.
We also participated in writing the SOLVE overview paper (Newman et al. 2002).

We also conducted analyses of laboratory data to find the optical properties of
water ice in the far infrared. Water ice is observed in the far infrared via satellite, and
existing optical constants were in conflict. We made new measurements and showed
how data reduction errors hurt some of the previous data (Rajaram et al., 2005). This
work will complete our studies of the optical constants of water ice. A student completed
and published a paper on water vapor absorption by clay minerals (Frinak et al., 2005).
We find above a certain relative humidity threshold that the clays take up water inside
their lattice. This work is likely to lead to some surprising new results about nucleation
in the atmosphere in the next year or so.
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